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©  A  method  of  self  aligning  an  emitter  contact 
includes  forming  a  base  layer  (18)  on  a  portion  of  a 
collector  layer  (16).  An  interface  layer  (22)  is  formed 
on  the  base  layer  (18)  such  that  a  portion  of  the 
base  layer  (18)  remains  exposed.  An  emitter  layer 
(24)  is  formed  on  the  collector  layer  (16),  the  inter- 
face  layer  (22),  and  the  exposed  portion  of  the  base 
layer  (18).  An  emitter  cap  layer  (26)  is  formed  on  the 
emitter  layer  (24)  over  the  previously  exposed  area 
of  the  base  layer  (18).  An  insulating  layer  (28)  is 
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formed  on  the  interface  layer  (22).  An  emitter  contact 
(36)  is  formed  on  the  emitter  cap  layer  (26)  at  the 
previously  exposed  area  of  the  base  layer  (18).  The 
insulating  layer  (28)  isolates  the  emitter  contact  (36) 
from  the  base  layer  (18)  and  a  subsequently  formed 
base  contact  (38).  The  insulating  layer  (28)  ensures 
isolation  between  the  emitter  contact  (36)  and  the 
base  contact  (38)  despite  misalignment  of  the  emit- 
ter  contact  (36)  during  formation. 
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TECHNICAL  FIELD  OF  THE  INVENTION 

The  present  invention  relates  in  general  to 
semiconductor  fabrication  processes  and  more  par- 
ticularly  to  a  method  of  self  aligning  an  emitter 
contact  in  a  heterojunction  bipolar  transistor. 

BACKGROUND  OF  THE  INVENTION 

For  continued  improvements  and  maximum  op- 
erating  frequency  for  gallium  arsenide  integrated 
circuits,  heterojunction  bipolar  transistors  must  be 
scaled  down  to  less  than  parasitic  capacitances. 
Reducing  the  size  of  the  heterojunction  bipolar 
transistor  results  in  misalignment  problems  of  the 
emitter  contact.  These  misalignment  problems 
were  tolerated  in  conventional  heterojunction  bi- 
polar  transistors,  but  result  in  shorting  between  the 
emitter  and  the  base  as  the  transistor  size  de- 
creases.  Therefore,  it  is  desirable  to  raise  the  pro- 
cess  yield  of  a  scaled  down  planar  heterojunction 
bipolar  transistor  by  overcoming  the  shorting  be- 
tween  emitter  and  base  due  to  misalignment. 

SUMMARY  OF  THE  INVENTION 

From  the  foregoing,  it  may  be  appreciated  that 
a  need  has  arisen  for  a  heterojunction  bipolar  tran- 
sistor  with  reduced  transistor  size  that  does  not 
have  a  short  between  the  emitter  and  the  base.  A 
need  has  also  arisen  for  a  method  of  self  aligning 
the  emitter  contact  to  avoid  shorting  the  emitter  to 
the  base. 

In  accordance  with  the  present  invention,  a 
method  of  self  aligning  an  emitter  contact  in  a 
heterojunction  bipolar  transistor  is  provided  which 
substantially  eliminates  or  reduces  disadvantages 
and  problems  associated  with  conventional 
heterojunction  bipolar  transistor  fabrication  pro- 
cesses. 

According  to  an  embodiment  of  the  present 
invention,  there  is  provided  a  method  of  self  align- 
ing  an  emitter  contact  in  a  heterojunction  bipolar 
transistor  that  includes  forming  a  base  layer  having 
a  second  conductivity  type  on  a  portion  of  a  collec- 
tor  layer  having  a  first  conductivity  type.  An  inter- 
face  layer  is  formed  on  the  base  layer  such  that  a 
selected  portion  of  the  base  layer  remains  ex- 
posed.  An  emitter  layer  is  formed  on  the  exposed 
portion  of  the  base  layer  and  an  emitter  cap  layer 
is  formed  on  the  emitter  layer.  An  insulating  layer 
is  formed  on  the  interface  layer  and  an  emitter 
contact  is  formed  on  the  emitter  cap  layer  and  the 
insulating  layer  such  that  the  insulating  layer  sepa- 
rates  the  emitter  contact  from  the  base  layer. 

The  method  of  the  present  invention  provides 
various  technical  advantages  over  conventional 
heterojunction  bipolar  transistor  fabrication  pro- 

cesses.  For  example,  one  technical  advantage  is  in 
predefining  the  contact  region  before  forming  the 
emitter  contact.  Another  technical  advantage  is  in 
the  elimination  of  a  cap  etching  step  that  avoids 

5  possible  over  etching  problems.  Yet  another  tech- 
nical  advantage  is  in  reducing  the  size  of  the 
heterojunction  bipolar  transistor  without  causing  a 
short  between  the  emitter  and  the  base.  Other 
technical  advantages  are  readily  apparent  to  one 

io  skilled  in  the  art  from  the  following  figures,  descrip- 
tions,  and  claims. 

BRIEF  DESCRIPTION  OF  THE  DRAWINGS 

75  For  a  more  complete  understanding  of  the 
present  invention  and  the  advantages  thereof,  refer- 
ence  is  now  made  to  the  following  description 
taken  in  conjunction  with  the  accompanying  draw- 
ings,  wherein  like  reference  numerals  represent  like 

20  parts,  in  which: 
FIGURES  1A-F  illustrate  a  fabrication  process  for 
a  heterojunction  bipolar  transistor;  and 
FIGURES  2A-C  illustrate  alternative  steps  in  the 
fabrication  of  the  heterojunction  bipolar  transis- 

25  tor. 

DETAILED  DESCRIPTION  OF  THE  INVENTION 

FIGURES  1A-F  show  the  process  steps  for  self 
30  aligning  an  emitter  contact  in  a  heterojunction  bi- 

polar  transistor  10.  The  process  steps  that  follow 
describe  fabrication  of  an  NPN  device  and  can  be 
readily  adapted  to  fabricate  a  PNP  device.  Further, 
gallium  arsenide  is  described  as  the  primary  ma- 

35  terial  for  each  layer  but  other  materials  from  Group 
III  and  Group  V  of  the  periodic  table  may  be 
substituted. 

The  process  begins  in  FIGURE  1A  where  a 
subcollector  layer  12  is  epitaxially  grown  on  a 

40  substrate  layer  14.  Substrate  layer  14  is  preferably 
made  of  semi-insulating  gallium  arsenide.  Subcol- 
lector  layer  12  is  approximately  one  micron  thick 
and  doped  with  an  N  +  type  conductivity  having  a 
dopant  concentration  of  approximately  2  x  1018 

45  cm3.  A  collector  layer  16  is  epitaxially  grown  on 
subcollector  layer  12.  Collector  layer  16  can  range 
in  thickness  from  .3  to  2.0  microns  and  is  doped 
with  an  N-  conductivity  type  having  a  dopant  con- 
centration  of  approximately  1  x  101G  cm3.  A  base 

50  layer  18  is  epitaxially  grown  on  collector  layer  16. 
Base  layer  18  is  approximately  1,000  Angstroms 
thick  and  doped  with  a  P-  conductivity  type  having 
a  dopant  concentration  of  greater  than  or  equal  to 
approximately  1  x  1018  cm3. 

55  The  process  continues  in  FIGURE  1B  where 
base  layer  18  is  etched  away  such  that  no  base 
layer  material  remains  in  the  field  region.  Base 
layer  18  covers  only  a  selected  portion  of  collector 
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layer  16.  A  dry  or  wet  etching  process  may  be 
used  with  slight  over  etching  not  impacting  transis- 
tor  operation.  A  collector  implant  layer  20  is  pat- 
terned  and  implanted  with  an  N  +  conductivity 
type,  preferably  of  silicon.  Collector  implant  layer 
20  may  also  be  formed  by  etching  down  to  subcol- 
lector  layer  12  rather  than  using  a  silicon  implant 
process  step. 

The  process  continues  in  FIGURE  1C  where  an 
interface  layer  22,  preferably  made  of  nitride  or 
oxide,  is  deposited  on  transistor  10  in  a  thickness 
range  from  400  to  3,000  Angstroms.  Interface  layer 
22  is  selectively  removed  from  transistor  10  such 
that  it  remains  only  on  base  layer  18.  Interface 
layer  22  is  also  removed  to  expose  a  portion  of 
base  layer  18.  Photoresist  used  to  pattern  interface 
layer  22  is  stripped  away  and  transistor  10  is 
cleaned  in  preparation  for  the  next  epitaxial  growth. 
During  this  cleaning  process  step,  care  must  be 
exercised  to  prevent  eroding  away  interface  layer 
22. 

The  process  continues  in  FIGURE  1D  where  an 
emitter  layer  24  is  epitaxially  grown  on  transistor 
10  such  that  emitter  layer  24  covers  collector  layer 
16,  collector  implant  layer  20,  and  the  exposed 
area  of  base  layer  18.  Emitter  layer  24  is  approxi- 
mately  1,000  Angstroms  in  thickness  with  an  N- 
conductivity  type  having  a  dopant  concentration  of 
approximately  2  x  10"  cm3.  An  emitter  cap  layer 
26  is  grown  on  emitter  layer  24  and  within  the 
previously  exposed  area  of  base  layer  18.  Emitter 
cap  layer  26  is  approximately  1,000  Angstroms 
thick  with  an  N  +  conductivity  type  having  a  dopant 
concentration  of  approximately  2  x  1018  cm3.  An 
insulating  layer  28,  a  polycrystalline  material,  is 
deposited  on  interface  layer  22  such  that  interface 
layer  22  is  buried  beneath  the  surface  of  transistor 
10.  Insulating  layer  28  occurs  as  a  result  of  the 
epitaxial  growth  of  emitter  layer  24  and  emitter  cap 
layer  26.  Depending  upon  growth  conditions,  in- 
sulating  layer  28  deposits  onto  interface  layer  22  or 
no  deposition  occurs  on  interface  layer  22.  For 
discussion  purposes,  insulating  layer  28  is  formed 
to  bury  interface  layer  22  beneath  the  surface  of 
heterojunction  bipolar  transistor  10. 

The  process  continues  in  FIGURE  1E  where 
high  energy  oxygen  implants  30  isolate  transistor 
10  from  adjacent  devices  by  damaging  the  struc- 
ture  layers.  A  boron  implant  layer  32  is  implanted 
between  collector  implant  layer  20  and  base  layer 
18.  The  damage  due  to  the  boron  implant  layer  32 
isolates  collector  implant  layer  20  from  base  layer 
18  and  emitter  layer  24.  Ohmic  material  having  an 
N-  conductivity  type  is  deposited  and  selectively 
lifted  off  to  form  collector  contact  34  and  emitter 
contact  36.  Emitter  contact  36  can  be  larger  than 
the  previously  exposed  area  of  base  layer  18  to 
avoid  any  misalignment  problems  during  formation. 

Insulating  layer  28  is  semi-insulating  and  will  not 
make  good  ohmic  contact  to  emitter  contact  36. 
Similarly,  good  ohmic  contact  is  not  made  if  no 
insulating  layer  28  was  deposited  onto  interface 

5  layer  22.  The  lack  of  a  good  ohmic  contact  to 
insulating  layer  28  reduces  leakage  paths  between 
emitter  contact  36  and  a  subsequent  base  contact. 
Leakage  paths  can  be  further  reduced  by  etching 
insulating  layer  28  from  beneath  emitter  contact  36 

io  by  using  interface  layer  22  as  an  etch  stop. 
The  process  continues  in  FIGURE  1F  where  a 

portion  of  insulating  layer  28  predefining  a  base 
contact  is  etched  down  to  the  interface  layer  22 
which  acts  as  an  etch  stop.  Interface  layer  22  is 

is  then  etched  away  to  reveal  base  layer  18.  The  etch 
to  base  layer  22  is  not  critical  as  to  etch  time  due 
to  the  etch  step  provided  by  interface  layer  22.  An 
ohmic  material  with  a  P-  conductivity  type  is  de- 
posited  and  selectively  lifted  off  to  leave  a  base 

20  contact  38.  Collector  contact  34,  emitter  contact  36, 
and  base  contact  38  are  annealed  and  are  now 
ready  to  be  probed. 

FIGURES  2A-C  show  alternative  steps  which 
may  be  used  in  the  fabrication  of  transistor  10.  The 

25  process  beams  in  FIGURE  2A  where  a  subcollector 
layer  12  is  grown  on  a  substrate  layer  14.  A  collec- 
tor  layer  16  is  grown  on  subcollector  layer  12  as 
previously  described.  An  extrinsic  base  layer  17  is 
grown  on  collector  layer  16.  Extrinsic  base  layer  17 

30  is  doped  with  a  P  +  conductivity  type. 
The  process  continues  in  FIGURE  2B  where 

interface  layer  22  is  deposited  on  extrinsic  base 
layer  17.  Interface  layer  22  and  extrinsic  base  layer 
17  are  selectively  removed  such  that  a  gap  exists 

35  within  interface  layer  22  and  extrinsic  base  layer 
17,  exposing  a  portion  of  collector  layer  16.  Collec- 
tor  implant  layer  20  is  formed  as  previously  de- 
scribed. 

The  process  continues  in  FIGURE  2C  where  an 
40  intrinsic  base  layer  19  is  grown  on  transistor  10 

and  selectively  removed  such  that  intrinsic  base 
layer  19  only  remains  on  collector  layer  16  within 
gap  23.  Intrinsic  base  layer  19  forms  the  intrinsic 
base  of  transistor  10  while  connecting  to  previously 

45  deposited  and  etched  extrinsic  base  layer  17.  In- 
trinsic  base  layer  19  is  more  lightly  doped  than 
extrinsic  base  layer  17  which  results  in  higher 
current  gains  for  transistor  10.  Low  base  resistance 
is  maintained  by  the  heavily  doped  extrinsic  base 

50  layer  17  grown  during  the  initial  epitaxial  deposi- 
tion.  Intrinsic  base  layer  17  is  self  aligned  to  the 
subsequent  emitter  ohmic  contact.  From  this  point, 
the  process  continues  as  previously  described  with 
respect  to  FIGURE  1D. 

55  The  alternate  version  described  in  relation  to 
FIGURES  2A-C  requires  three  different  epitaxial 
growth  cycles.  To  avoid  having  three  epitaxial 
growth  cycles,  overgrowth  of  intrinsic  base  layer  19 
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can  be  combined  with  emitter  layer  24  overgrowth 
if  collector  contact  34  is  made  by  etching  down  to 
collector  implant  layer  20  or  collector  layer  16. 

In  summary,  a  heterojunction  bipolar  transistor 
can  be  fabricated  to  overcome  misalignment  prob- 
lems  in  forming  the  emitter  contact.  The  emitter 
contact  region  is  predefined  prior  to  forming  the 
emitter  contact  such  that  the  emitter  contact  is 
isolated  from  the  base  contact  and  the  base  layer. 
This  isolation  allows  for  misalignments  to  occur 
without  causing  a  short  circuit  between  the  emitter 
and  the  base. 

Thus,  it  is  apparent  that  there  has  been  pro- 
vided,  in  accordance  with  the  present  invention,  a 
method  of  self  aligning  an  emitter  contact  in  a 
heterojunction  bipolar  transistor  that  satisfies  the 
advantages  set  forth  above.  Although  the  preferred 
embodiment  has  been  described  in  detail,  it  should 
be  understood  that  various  changes,  substitutions, 
and  alterations  can  be  made  herein.  For  example, 
process  steps  and  process  materials  may  be  al- 
tered  while  maintaining  the  self  aligned  nature  of 
the  emitter  contact.  Other  examples  are  readily 
ascertainable  by  one  skilled  in  the  art  and  could  be 
made  without  deparing  from  the  spirit  and  scope  of 
the  present  invention  as  defined  by  the  following 
claims. 

Claims 

1.  A  method  of  self-aligning  an  emitter  contact, 
comprising  the  steps  of: 

forming  an  extrinsic  base  layer  having  a 
first  conductivity  type  on  a  portion  of  a  collec- 
tor  layer; 

forming  an  interface  layer  on  the  extrinsic 
base  layer  such  that  a  selected  portion  of  the 
extrinsic  base  layer  remains  exposed; 

forming  an  emitter  layer  having  a  second 
conductivity  type  at  the  selected  portion  of  the 
extrinsic  base  layer; 

forming  an  emitter  cap  layer  having  the 
second  conductivity  type  on  the  emitter  layer 
at  the  selected  portion  of  the  extrinsic  base 
layer; 

forming  an  insulating  layer  on  the  interface 
layer; 

forming  an  emitter  contact  on  the  emitter 
cap  layer,  wherein  the  emitter  contact  overlaps 
the  emitter  cap  layer  and  portions  of  the  in- 
sulating  layer. 

2.  The  method  of  Claim  1  ,  further  comprising  the 
step  of: 

forming  a  base  contact  through  the  insulat- 
ing  layer  and  the  interface  layer  for  connection 
to  the  extrinsic  base  layer,  the  insulating  layer 
separating  the  emitter  contact  from  the  base 

contact. 

3.  The  method  of  Claim  2,  further  comprising  the 
step  of: 

5  removing  the  insulating  layer  from  the  in- 
terface  layer  beneath  the  emitter  contact  and 
the  base  contact. 

4.  The  method  of  any  preceding  claim,  further 
io  comprising  the  steps  of: 

removing  the  selected  portion  of  the  extrin- 
sic  base  layer; 

forming  an  intrinsic  base  layer  having  the 
first  conductivity  type  at  the  selected  portion  of 

is  the  extrinsic  base  layer,  the  intrinsic  base  layer 
having  a  lower  dopant  concentration  than  the 
extrinsic  base  layer. 

5.  The  method  of  any  preceding  Claim,  further 
20  comprising  forming  the  emitter  cap  layer  hav- 

ing  a  higher  dopant  concentration  than  the 
emitter  layer. 

6.  The  method  of  any  preceding  Claim,  further 
25  comprising  forming  the  extrinsic  base  layer, 

the  emitter  layer,  and  the  emitter  cap  layer  of 
materials  that  include  Group  III  and  Group  V 
elements  of  the  periodic  table. 

30  7.  The  method  of  Claim  6,  further  comprising 
forming  the  materials  including  gallium  and 
arsenic. 

8.  The  method  of  any  preceding  Claim,  further 
35  comprising  forming  the  interface  layer  of 

nitride. 

9.  A  method  of  self-aligning  an  emitter  contact  in 
a  heterojunction  bipolar  transistor,  comprising 

40  the  steps  of: 
growing  a  base  layer  having  a  first  con- 

ductivity  type  onto  a  collector  layer  having  a 
second  conductivity  type; 

etching  away  the  base  layer  such  that  the 
45  base  layer  covers  a  portion  of  the  collector 

layer; 
depositing  an  interface  layer  onto  the  base 

layer; 
etching  away  a  portion  of  the  interface 

50  layer  such  that  a  selected  portion  of  the  base 
layer  is  exposed; 

growing  an  emitter  layer  having  the  sec- 
ond  conductivity  type  onto  the  selected  portion 
of  the  base  layer; 

55  growing  an  emitter  cap  layer  having  the 
second  conductivity  type  onto  the  emitter  layer 
at  the  selected  portion  of  the  base  layer; 

forming  an  insulating  layer  onto  the  inter- 

4 
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face  layer  as  a  result  of  said  emitter  layer  and 
emitter  cap  layer  growing  steps; 

depositing  an  emitter  contact  onto  the  em- 
itter  cap  layer  at  the  selected  portion  of  the 
base  layer. 

10.  The  method  of  Claim  9,  further  comprising  the 
steps  of: 

etching  away  the  insulating  layer  at  a  se- 
lected  point  using  the  interface  layer  as  an 
etch  stop; 

etching  away  the  interface  layer  at  the 
selected  point  to  expose  the  base  layer; 

depositing  a  base  contact  at  the  selected 
point  such  that  the  insulating  layer  separates 
the  emitter  contact  from  the  base  contact. 

11.  The  method  of  Claim  10,  further  comprising 
the  step  of: 

etching  away  the  insulating  layer  from  be- 
neath  the  emitter  contact  and  the  base  contact 
using  the  interface  layer  as  an  etch  stop. 

12.  The  method  of  any  of  Claims  9  to  11,  further 
comprising  the  steps  of: 

etching  away  the  base  layer  from  the  se- 
lected  portion  of  the  base  layer  to  expose  the 
collector  layer; 

growing  an  intrinsic  base  layer  onto  the 
collector  layer  at  the  selected  portion  of  the 
base  layer,  the  intrinsic  base  layer  having  a 
lower  dopant  concentration  than  the  base  layer 
in  order  to  increase  a  current  gain  of  the 
transistor. 

13.  The  method  of  any  of  Claims  9  to  11,  further 
comprising  the  step  of: 

implanting  a  collector  plug  region  at  a  spe- 
cific  point  of  the  collector  layer  apart  from  the 
base  layer. 

layer; 
forming  an  emitter  cap  layer  on  the  emitter 

layer  and  the  emitter  layer; 
forming  an  insulating  layer  on  the  interface 

5  layer; 
forming  a  first  isolation  region  separating 

the  collector  implant  layer  from  the  base  layer; 
forming  a  second  isolation  layer  separating 

the  transistor  from  an  adjacent  device; 
io  forming  a  collector  contact  on  the  emitter 

cap  layer  over  the  collector  implant  layer; 
forming  an  emitter  contact  on  the  emitter 

cap  layer  over  the  previously  exposed  portion 
of  the  base  layer; 

is  removing  a  portion  of  the  insulating  layer 
and  the  interface  layer  to  the  base  layer; 

forming  a  base  contact  at  the  base  layer, 
the  insulating  layer  separating  the  emitter  con- 
tact  from  the  base  contact. 

20 
15.  The  method  of  Claim  14,  further  comprising 

forming  the  first  isolation  region  by  damaging 
an  area  between  the  collector  implant  layer 
and  the  base  layer  with  a  boron  implant. 

25 
16.  The  method  of  Claim  14  or  Claim  15,  further 

comprising  forming  the  second  isolation  region 
by  damaging  an  area  between  the  transistor 
and  the  adjacent  device  with  a  high  energy 

30  oxygen  implant. 

17.  The  method  of  any  of  Claims  14  to  16,  further 
comprising  the  steps  of: 

removing  the  base  layer  at  the  selected 
35  portion  of  the  base  layer; 

forming  an  intrinsic  base  layer  within  the 
selected  portion  of  the  base  layer. 

14.  A  method  of  fabricating  a  heterojunction  bi- 
polar  transistor,  comprising  the  steps  of: 

forming  a  subcollector  layer  having  a  first 
conductivity  type  on  a  substrate  layer;  45 

forming  a  collector  layer  having  the  first 
conductivity  type  on  the  subcollector  layer; 

forming  a  base  layer  having  a  second  con- 
ductivity  type  on  a  portion  of  the  collector 
layer;  50 

forming  a  collector  implant  layer  having 
the  first  conductivity  type  through  the  collector 
layer  to  the  subcollector  layer; 

forming  an  interface  layer  on  the  base 
layer  such  that  a  selected  portion  of  the  base  55 
layer  remains  exposed; 

forming  an  emitter  layer  on  the  exposed 
portion  of  the  base  layer  and  on  the  collector 

5 
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